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Upper pressure margin 
(fracture pressure)
Lower pressure margin 
(pore pressure)
Pressure in the well 
(hydrostatic + friction)
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f dx− ρg(x − x)
+ (ρ − ρ)gλL(α − 1)
2
,




f dx− ρg(x − x)
+ (ρ − ρ)g (x − x)(α − 1)
2λL
× (x − 2L + x),





− ρg (x − x)(α − λ)
λ− 1
+




ρ(x − 2L + x)
+ ρ(2L + 2L − x − x)
)
,




f dx+ ρg(α − λ)L
− ρg(α − 1)L − ρg(L + L − x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qt (z, t) =− A 
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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u¯ (0, t) =
1
2
(q (t) + q(t) + u¯ (0, t)− v¯ (0, t)) , 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u¯ (0, t) =− v¯ (0, t) + q (t) + q(t), !
v¯ (l, t) =u¯ (l, t)− A√
βρ
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u (0, t) =− v (0, t) + q (t) + q(t), 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c1 (x) =− F
2ρ
e2ax, 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c2 (x) =− F
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uˆt =− 1 (x) uˆx + c1 (x) vˆ + p1 (x) u˜(1, t),  
vˆt =2 (x) vˆx + c2 (x) uˆ+ p2 (x) u˜(1, t),  
uˆ (0, t) =qvˆ (0, t) + v(t) + CXˆ (t) ,  
vˆ (1, t) =U (t) ,  
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u˜(1, t) = u(1, t)− uˆ(1, t). 
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u˜t =− 1 (x) u˜x + c1 (x) v˜ − p1 (x) u˜ (1, t) , %&
v˜t =2 (x) v˜x + c2 (x) u˜− p2 (x) u˜ (1, t) , % 
u˜ (0, t) =qv˜ (0, t) + CX˜ (t) , %'
v˜ (1, t) =0, %
˙˜X =AX˜ − eAφ(0)Lu˜ (1, t) . %(
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u˜ (x, t) = α˜ (x, t)−
∫ 1
x
Puu (x, ξ) α˜ (ξ, t) dξ −
∫ 1
x
Puv (x, ξ) β˜ (ξ, t) dξ, %
v˜ (x, t) = β˜ (x, t)−
∫ 1
x
P vu (x, ξ) α˜ (ξ, t) dξ −
∫ 1
x
P vv (x, ξ) β˜ (ξ, t) dξ. %%
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1 (x)P
uu
x (x, ξ) + 1 (ξ)P
uu
ξ (x, ξ) = −′1 (ξ)Puu (x, ξ) + c1 (x)P vu (x, ξ) , %
1 (x)P
uv
x (x, ξ)− 2 (ξ)Puvξ (x, ξ) = ′2 (ξ)Puv (x, ξ) + c1 (x)P vv (x, ξ) , %-
2 (x)P
vu
x (x, ξ)− 1 (ξ)P vuξ (x, ξ) = ′1 (ξ)P vu (x, ξ)− c2 (x)Puu (x, ξ) , %
2 (x)P
vv
x (x, ξ) + 2 (ξ)P
vv
ξ (x, ξ) = −′2 (ξ)P vv (x, ξ)− c2 (x)Puv (x, ξ) , &
 T = {(x, ξ) : 0 ≤ ξ ≤ x ≤ 1} #
   
Puu (0, ξ) =qP vu (0, ξ) ,  
Puv (x, x) =
c1 (x)
1 (x) + 2 (x)
, '
P vu (x, x) =− c2 (x)
1 (x) + 2 (x)
, 
P vv (0, ξ) =
1
q
Puv (0, ξ) . (
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     (Puu, Puv, P vu, P vv)   	
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p1 (x) = Ce
Aφ(x)L− Puu (x, 1) 1 (1)−
∫ 1
x
Puu (x, ξ)CeAφ(ξ)Ldξ,  
p2 (x) = −P vu (x, 1) 1 (1)−
∫ 1
x
P vu (x, ξ)CeAφ(ξ)Ldξ,  
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α˜t (x, t) =− 1 (x) α˜x (x, t)− CeAφ(x)Lα˜ (1, t) ,  





α˜ (0, t) =qβ˜ (0, t) + CX˜,  
β˜ (1, t) =0,  	

˙˜X = AX˜ − eAφ(0)Lα˜ (1, t) .  

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β˜t =2 (x) β˜x (x, t) ,  
β˜ (1, t) =0,  +
%
α˜t (x, t) =− 1 (x) α˜x (x, t)− CeAφ(x)Lα˜ (1, t) ,  $
α˜ (0, t) =qβ˜ (0, t) + CX˜,  
˙˜X =AX˜ − eAφ(0)Lα˜ (1, t) ,  
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α˜t (x, t) =− 1 (x) α˜x (x, t)− CeAφ(x)Lα˜ (1, t) ,  
α˜ (0, t) =CX˜,  
˙˜X =AX˜ − eAφ(0)Lα˜ (1, t) .  
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(∣∣∣X˜ (t)∣∣∣2 + ∫ 1
0
α˜2 (x, t) dx
)1/2
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1, 2 ∈ C1([0, 1]), c1, c2 ∈ C([0, 1]), u0, v0 ∈ L2([0, 1]),  !
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Flow rate in, plant
Flow rate in, observer
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Flow rate out, plant
Flow rate out, observer
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Pressure at inlet, plant
Pressure at inlet, observer
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Pressure at outlet, plant
Pressure at outlet, observer
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X˙ = AX +Bw,  !"
q (t) = CX +Dw,  #"
w(t) = u(0, t) + sv(0, t). 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ﬁ E  {x ∈ Ω|V ∗(x) = 0}
 |W (t, x)|  


  ! W˙ (t, x)  	   " 
 

  "   #
  W˙ (t, x) = h(x, γ(t))  h  	     #
" γ(t)   	 
  "    

  K1$%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 k 	  |W˙ (t, x)| ≥ k(‖x‖)∀x ∈ E

 t ≥ t0
' ‖f(t, x)‖  


( δ > 0 	  B¯δ ⊂ Ω 
ﬁ   t ∈ [t0, ∞)
V −1t0, δ = x ∈ Ω : V (t, x) ≤ a(δ)
&
) %  x0 ∈ V −1t0, δ x(t) 
  * "  t0, x0   
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